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1. Introduction
Before RAN4#101-e meeting, the simulation platforms were calibrated between companies. The HAPS performance is aligned through the comparison of SINR CDF, coupling loss CDF and UE Tx power CDF in companies with tolerable differences. 
[bookmark: _Hlk85806903]The agreed HAPS simulation assumptions were captured in [1] except the UE UL bandwidth for HAPS. Therefore, the UE bandwidth is further discussed in this document. 
What’s more, the coexistence performance and interference coordination between HAPS and TN were also presented with preliminary simulation results.   
2. Discussion
[image: ]2.1 Simulation results for HAPS DL
Figure 1. HAPS DL coupling loss CDF
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[image: ]Figure 2. HAPS UL SINR CDF

Figure 3. HAPS elevation angle CDF

We can observe the performance difference between urban and rural scenarios. The DL throughput is usually set as zero for those SINR smaller than -10dB. Only about 50% UEs in urban scenarios can have a SINR greater than -10 due to the clutter loss. Therefore, rural scenario is more applicable for HAPS deployment and can be considered as the major deployment scenario.  
The elevation angle CDF for HAPS DL is also presented with the assumption of 100km coverage radius and 20km altitude. About 90% of UE’s elevation angles are smaller than 35 degrees, which is differed from the current LEO and GEO assumptions. 
Observation 1: Rural scenario is more applicable for HAPS deployment and can be considered as the major deployment scenario.  

[image: ]2.2 Simulation results for HAPS UL
  Figure 4. HAPS UL SINR CDF, UE BW 0.36MHz
[image: ]
Figure 5. HAPS UL UE Tx power CDF, UE BW 0.36MHz
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Figure 6. HAPS UL SINR CDF, UE BW 1.08MHz 
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[image: ]Figure 7. HAPS UL UE Tx power CDF, UE BW 1.08MHz


Figure 8. HAPS UL SINR CDF, UE BW 5.94MHz 


[image: ]Figure 9. HAPS UL UE Tx power CDF, UE BW 5.94MHz
Table 1. UE ratio transmitting with max Tx power 23dBm
	UE bandwidth / scenario
	0.36 MHz
	1.08 MHz
	5.94MHz

	Rural 
	32 %
	81 %
	99%

	Urban
	71 %
	86 %
	99%



The NTN UE UL bandwidth is set to 0.36MHz (2RB with 15kHz SCS) due to the high altitude and limited link budget. While the HAPS UE don’t have to limit its UL bandwidth to 0.36MHz. HAPS’s altitude is much lower, and it can offer higher throughput. 
The performance of UL bandwidth with 1.08MHz and 5.94MHz BW are compared with that of 0.36MHz. It can be observed that the UL SINR performance has some degradation while the 15dB target SNR can still be achieved with higher bandwidth. As the tradeoff, the UE ratio with max Tx power transmission is increased. Since in the GEO and LEO scenarios, the UE can always transmit with max power, the ratio of UE transmitting with max Tx power will not be an issue in HAPS. 
Considering both performance and interference, 1.08MHz can be used for UE UL bandwidth as the coexistence simulation assumption. 
Observation 2: When increasing the UE UL bandwidth from 0.36MHz to 1.08MHz, the SINR performance has acceptable slight performance degradation while higher UL throughput can be achieved. 
Proposal 1: the HAPS UE UL bandwidth is proposed to be 1.08MHz for HAPS simulation.  

2.3 Simulation topology for coexistence

Two options of coexistence topologies were discussed for HAPS. The HAPS DL SINR distribution heatmap in rural is presented in Figure 8 to better understand the difference of two options. Due to the large coverage area of HAPS, the received signal strength levels are different in areas. 
· Option 1 means that TN clusters are dropped uniformly in the HAPS coverage as Figure 9. Only one TN cluster is dropped in each snapshot, and the centre of TN cluster is dropped uniformly in the HAPS coverage. Through this way, different HAPS performance levels can be reached. 
· Option 2 means that the TN cluster is located at some selected positions as Figure 10, such as the centre of HAPS coverage (position 1: best performance of HAPS) and the edge area of three cells (position 2: not good performance for HAPS). 
[image: Map

Description automatically generated]
Figure 8. HAPS DL SINR Distribution Heatmap in rural




[image: A screenshot of a computer

Description automatically generated with low confidence][image: ]Figure 9. HAPS and TN coexistence topology (option 1)
Figure 10. HAPS and TN coexistence topology (option 2)

2.3 Simulation assumptions for coexistence
The simulation assumptions are aligned with the agreements in [1]. To evaluate the worst case of interference to study its impact, the HAPS UEs and TN UEs are assumed in the same coverage, which means the HAPS is randomly dropped in the TN cluster coverage to calculate the interference.

2.4 Simulation results for coexistence
Only DL to DL coexistence in rural is simulated for now.  
The coexistence performance was conducted in both two topologies, including the HAPS DL interfering to AAS TN DL and AAS TN DL interfering to HAPS DL.  
[image: ]2.4.1 Simulation results for topology option 1 (TN is randomly dropped)
[image: ]Figure 11. HAPS DL to AAS TN DL coexistence performance (topology option 1)
Figure 12. AAS TN DL to HAPS DL coexistence performance (topology option 1)
2.4.2 Simulation results for topology option 2 (position 1: TN is located at center of HAPS cell)
[image: ][image: ]Figure 13. HAPS DL to AAS TN DL coexistence performance (topology option 2, Position 1)

Figure 14. AAS TN DL to HAPS DL coexistence performance (topology option 2, Position 1)


2.4.3 Simulation results for topology option 2 (position 2:TN is located at edge of three cells)
[image: ]
Figure 15. HAPS DL to AAS TN DL coexistence performance (topology option 2, Position 2)
[image: ]
Figure 16. AAS TN DL to HAPS DL coexistence performance (topology option 2, Position 2)
2.4.4 Simulation results summary
The coexistence test cases are summarized in Table 2 and simulation results are summarized in Table 3 for better comprising the differences. 
Table 2. Coexistence test case summary
	Case No.
	Scenario 

	1
	Topology option 1, HAPS DL to AAS TN DL 

	2
	Topology option 1, AAS TN DL to HAPS DL

	3
	Topology option 2 position 1, HAPS DL to AAS TN DL 

	4
	Topology option 2 position 1, AAS TN DL to HAPS DL

	5
	Topology option 2 position 2, HAPS DL to AAS TN DL 

	6
	Topology option 2 position 2, AAS TN DL to HAPS DL

	Note: 
Topology option 1 means that TN clusters are dropped randomly in the HAPS coverage.
Topology option 2 means that the TN cluster is located at some selected positions: position 1 is the center of HAPS coverage (best HAPS performance) and position 2 is the edge area of three cells (not good performance). The worst HAPS performance is the edge area of 2nd layer of HAPS cells. 



Table 3. Test results summary
	Case No.
	Metrics
	Required ACIR [dB]

	1
	Mean throughput loss
	21

	
	5%-tile throughput loss
	27.8

	2
	Mean throughput loss
	25

	
	5%-tile throughput loss
	47.5

	3
	Mean throughput loss
	26

	
	5%-tile throughput loss
	32.2

	4
	Mean throughput loss
	22

	
	5%-tile throughput loss
	42.5

	5
	Mean throughput loss
	21

	
	5%-tile throughput loss
	27.8

	6
	Mean throughput loss
	24

	
	5%-tile throughput loss
	44.8



Some performance differences can be observed between the two topologies.  Option 1 is recommended to be used in the coexistence simulation since its results are the averaged value for different HAPS signal strength levels. 
From the test case No. 1, 3 and 5, it can be observed that the interference from HAPS DL to AAS TN DL is acceptable. 
From the test case No. 2, 4 and 6, the required ACIR value for 5-ile throughput loss is much larger than current defined ACLR/ACS parameter in 2GHz in 3GPP. The required value is also difficult for RF devices implementation. Therefore, some frequency coordination measures in operators are needed for HAPS and TN coexistence.  
[image: Diagram, venn diagram

Description automatically generated]For example, when the HAPS UE of operator B enters the TN coverage of operator A, the HAPS UE cannot always receive the strong signals from HAPS, and frequency coordination is needed for the HAPS UE to access in the TN network of operator A. 

Observation 3: The interference from HAPS DL to AAS TN DL is acceptable.
Observation 4: The required ACIR for HAPS and TN coexistence is larger than the original defined ACLR/ACS parameter for TN. 
Proposal 2: For the coexistence simulation topology, the TN cluster is recommended to dropped uniformly in the HAPS coverage area. 
Proposal 3: Some frequency coordination measures are needed to enable HAPS and TN coexistence in the same coverage.

3. Conclusion
In this paper, we present the HAPS single system performance and preliminary coexistence performance between HAPS and AAS TN.  We have the following observations and proposals: 
[bookmark: _Hlk54179883]Observation 1: Rural scenario is more applicable for HAPS deployment and can be considered as the major deployment scenario.  
Observation 2: When increasing the UE UL bandwidth from 0.36MHz to 1.08MHz, the SINR performance has acceptable slight performance degradation while higher UL throughput can be achieved. 
Observation 3: The interference from HAPS DL to AAS TN DL is acceptable.
Observation 4: The required ACIR for HAPS and TN coexistence is larger than the original defined ACLR/ACS parameter in TN.  
Proposal 1: The HAPS UE UL bandwidth is proposed to be 1.08MHz for HAPS simulation.  
Proposal 2: For the coexistence simulation topology, the TN cluster is recommended to dropped uniformly in the HAPS coverage area. 
Proposal 3: Some frequency coordination measures are needed to enable HAPS and TN coexistence in the same coverage.
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